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Abstract. Dual derrick operations are widely used for ﬁeld development during offshore drilling. During this
process, complex operations and complicated hydrodynamic interaction may contribute to the interference col-
lisions of parallel strings. In this context, this study addresses interference collisions for parallel strings during
the deepwater dual derrick operation. To analyze the response of parallel strings a mechanical model for deep-
water parallel strings is established. Moreover, Huse wake model and strip model are used for calculating the
hydrodynamic inﬂuence in different wake ﬁelds. The research results validate that the collision will occur during
the operation considering the hydrodynamic wake shielding effects and interference evaluation criterion. The
increasing platform offsets and surface current are the leading causes of parallel strings collisions. To avoid
the risk of interference collisions an innovative procedure for operability envelopes is developed by synthesizing
the platform offsets and surface currents. The proposed operability envelopes method for parallel strings is
automatically completed which can save much workforce and resources. A case study on deepwater drilling
in the South China Sea has been applied to verify the effectiveness of these methods. Besides, the proposed
methodology can effectively reduce collision accidents and provide technical support for the offshore oil and
gas exploration.
1 Introduction
Reducing the cost and improving the efﬁciency of deepwater
drilling operations have become a focus for the researchers
and ﬁeld workers. To address that, a dual derrick drilling
platform was developed. Compared to traditional drilling
platform, the efﬁciency of dual-activity drilling with up to
20%–40% time saving on deepwater oil development. How-
ever, many researchers indicate that the interference
between adjacent risers is a signiﬁcant concerned issue
(Huse, 1993, 1996; Rustad et al., 2009). A collision probabil-
ity of parallel strings also exists during the simultaneous
operation of the upstream riser and downstream strings.
Although the impact may not lead to failure directly the
impact of risers is believed to be the fundamental cause of
cracks and induce fatigue failure in the long term (He and
Low, 2012). Due to the heavier Blowout Preventer (BOP)
of the upstream riser, the clashing may lead to a more severe
consequence for dual derrick operations and result in a
downstream string fail. Several collision events occurred
during the process of lowering the BOP of the riser in deep
water operation (Drumond et al., 2018). As the offshore
industry moves to deeper waters, the interference collision
of parallel strings is becoming a more and more important
issue with their increased lengths. Therefore, a general
approach to reducing the risks of clashing for parallel strings
system is desirable.
The parallel strings would subject complex hydrody-
namic forces when ocean current ﬂows around them. Even
though the literature on the parallel strings collisions have
little been reported for dual derrick operation, much
research has been done on the riser interferences
(DNV-RP-F203, 2009; Huse, 1993, 1996, Rustad et al.,
2009). According to the previous experimental and numer-
ical research, the Vortex-Induced Vibration (VIV), Wake-
Induced Oscillation (WIO) and wake shielding effects are
leading causes for riser interferences (DNV-RP-F203,
2009; Fontaine et al., 2013; Huang, 2010; Sumner, 2010;
Wu et al., 2003). Sagatun et al. (2002) presented a simula-
tor to assess the collision probability for the adjacent risers
closing to each other, considering the hydrodynamic inter-
action of WIO and VIV. The VIV effects of the upstream
riser can increase the effective drag forces when the down-
stream riser locate in the wake of the upstream riser expe-
riences reduced loading (Nygård et al., 2001). Kalleklev
et al. (2003) indicated that the hydrodynamic interac-
tion between two neighboring risers mainly inﬂuences* Corresponding author: lkzsww@163.com
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downstream riser rather than the upstream riser. Further-
more, the dynamic response of vortex and wake-induced
vibrations of tandem cylinders is investigated under near
and far wake interferences respectively (Huera-Huarte and
Bearman, 2011; Huera-Huarte and Gharib, 2011). Zhang
et al. (2018) proposed a time domain prediction method
from experimental data for VIV of ﬂexible risers. Yuan
et al. (2018) proposed an alternative time domain force-
decomposition model for ﬂexible risers to predict VIV
response under both steady and oscillatory ﬂows. Regarding
WIO, Blevins wake ﬁeld model can be used to simulate and
account for the lift forces (Blevins, 1994). The model and
interaction are still not fully understood and advocated in
the riser clearance assessment (DNV-RP-F203, 2009; He
and Low, 2014).
Thus, some safety measures have been proposed to pre-
vent and avoid impact between neighboring risers. Rustad
et al. (2008) provide a PI-controller to avert the clashing
for the top tensioned risers. An approach is presented to
determine the maximizing installation envelopes for drilling
riser under the criterion of “no clashing principle” (Campbell
et al., 2013). A constructive design of boundary controllers
is proposed to stabilize the transverse motion of ﬂexible
marine risers (Do, 2018). Connected operability envelopes
of the deepwater drilling riser are determined considering
the vessel offset and surface current (Ju et al., 2012). Wang
et al. (2015) developed a safety operation window for riser
in installation through analyzing three kinds of mechanical
behavior. Liu et al. (2019) adopted a self-design procedure
to determine the operability envelope for marine production
string self-induced vibration based on pipe-in-pipe mode.
To evaluate the collision probabilities accurately, the
collision probability for two ﬂexible risers is determined
by taking into account the hydrodynamic wake interfer-
ence, environment loads, and surface ﬂoater motions
(Fu et al., 2017, 2018). Considerable efforts have been
devoted to the study of riser interferences, leading to further
investigations of parallel strings.
As the exploration of offshore oil resources moves into
deepwater or ultra-deepwater, risers are becoming increas-
ingly slender and the clashing probability is increasing in
turn. Thus, the anti-collision for the whole parallel strings
need to be studied during deepwater dual derrick operation.
This paper proposes an innovative procedure of operability
envelopes to avoid clashing between parallel strings based
on an established mechanical model for parallel strings by
taking the wake shielding effects into account. Besides,
the proposed method is efﬁcient and user-friendly and oper-
ability envelopes are automatically completed, which can
save much workforce and resources. In addition, safe areas
can be provided in the operability envelopes considering the
platform offset and surface current synthetically during the
lowering process of the upstream riser/BOP for the dual
derrick drilling operation. The rest of the paper is organized
as follows. Section 2 provides a background and theory of
foundations for parallel strings. Section 3 introduces the
proposed methodology. Section 4 illustrates the research
results by applying the proposed methodology in the South
China Sea. Finally, Section 5 summarizes the main
conclusions.
2 Preliminaries
2.1 Background
The dual activity drilling process is designed to reduce
critical path activity and improve efﬁciency in both explo-
ration and development drilling applied in deepwater
drilling environment (Wilburn et al., 1998). The concept
of a dual-activity platform has been in existence since
1995 which was constructed by Transocean Offshore Inc.
in February 2000 (Munch-Søegaard and Nergaard, 2001).
The essence of dual derrick drilling is to equip the derrick
on the platform with two drilling rigs. One signiﬁcant
advantage identiﬁed is that the auxiliary rig is out of the
critical path while drilling progresses with the main rig
(Hall et al., 1999). Figure 1 shows one rig conducts all top
holes operations, drilling, tripping, running pipe while the
other is running the BOP and riser (Liu et al., 2017;
Munch-Søegaard and Nergaard, 2001).
The dual activity drilling process means that the main
rig is in a BOP/riser drilling mode. Meanwhile, the auxil-
iary rig drills the top hole and install surface casings in
the next well (Hall et al., 1999). The detailed procedure of
the dual derrick drilling operation includes the following
seven steps (Dong et al., 2011; Yue et al., 2009): (a) Drilling
ship takes its place and completes the pre-drill preparation,
the main rig lowers drilling template and ﬁxes it to the
seabed. (b) The main rig performs the jetting conductor
operation, the auxiliary drilling rig assembles the drilling
string. (c) The installation of surface casing is completed
by the main rig, the casing head is placed on the conductor
head. At the same time, the auxiliary drilling rig connects
and lowers the BOP and riser in turn. (d) The platform is
displaced after the running operation, after which the aux-
iliary rig is moved above the wellhead, the riser group and
the BOP are installed. (e) The auxiliary rig drills and the
intermediate casing is run and cemented by the main rig.
(f) The primary and auxiliary rigs are drilling in parallel,
Fig. 1. Parallel strings working for the deepwater dual derrick
platform.
J. Zhu et al.: Oil & Gas Science and Technology - Rev. IFP Energies nouvelles 74, 71 (2019)2
and then the primary rig drills to the reservoir and lowers
capital string through the riser. Meanwhile, the X-trees
are ﬁtted by auxiliary rig. (g) Finally, the completion and
testing are conducted.
Dual rigs can signiﬁcant improve the efﬁciency of dril-
ling operations compared with a single rig operation, but
it will encounter a severe problem about interference colli-
sion of parallel strings. The space between strings is limited
at the topside onboard the platform as well as the distance
between dual derrick (Rustad et al., 2009). In practice,
strings impacts are not allowed under normal or even
extreme conditions (He and Low, 2014). The BOP stack
is connected to the lower end of riser once a collision occurs,
which will cause severe damage to the drill string. The inter-
ference probability of parallel strings is increasing with their
increased riser lengths. The operation diagram of parallel
strings for the dual derrick platform is shown as Figure 2.
However, the mechanism of strings interference is very com-
plex and whether adjacent strings will collide or not
depending on many factors. The most important inﬂuenc-
ing factors include loading environment, strings space,
shielding effects, VIV effects (DNV-RP-F203, 2009). In
practice, the platform is forbidden to rotate before the “sec-
ond section” that is, one stage before the intermediate cas-
ing is installed during the drilling operation. Otherwise,
the platform can prevent the parallel strings and inﬂow cur-
rent from being in the same plane by rotating a certain
angle, thus avoiding the interference collision of the parallel
strings. Hence, interference analysis between adjacent
strings is highly signiﬁcant research during the running
operation of the upstream riser for dual derrick platform.
2.2 Mathematical model
The deformation differential equation of marine strings is
established before further studies. The marine strings are
assumed vertical at the initial position ﬁrstly. The coordi-
nate system is as follows: where z is the vertical height,
m; y is the horizontal displacement, m (Chang et al.,
2017; Ju et al., 2012). The differential equation is:
d2
dz2
EI zð Þ d
2y
dz2
 
 T zð Þ d
2y
dz2
W zð Þ dy
dz
¼ f zð Þ; ð1Þ
T zð Þ ¼ T 0ð Þ þ
Z z
0
M zð Þdz; ð2Þ
M zð Þ ¼ p
4
D2  D2i
 
qs þ
p
4
D2i qm þ
p
4
D2qw Cw  1ð Þ; ð3Þ
f zð Þ ¼ D
2
qwCD vw þ vcð Þ vw þ vcj j þ
pD2
4
qwaw
þ pD
2
4
qwCwaw: ð4Þ
In the equation,M is the string mass unit length, kg/m; E is
the elastic modulus, Pa; I is the moment of inertia, m4; T is
the axial tension of strings, N; T(0) is the top tension of the
string, N; D is the equivalent inertial force diameter of
strings, m; Di is the internal diameter of strings, m; s is
the density of riser material, kg/m3; m is the density
of the liquid in the strings, kg/m3; w is the density of
sea water, kg/m3; CM is the inertia force coefﬁcient, dimen-
sionless; f is the combined force of wave-current acting on
the unit length of the strings, N/m; CD is the drag coefﬁ-
cient, dimensionless; vw is water particle velocity caused
by waves, m/s; vc is water particle velocity caused by cur-
rents, m/s; aw is water particle acceleration along the radial
direction of the string caused by waves, m/s2.
How to calculate the inﬂow velocity on the downstream
string is the critical issue in these mathematical equations.
Due to the presence of ﬂuid, the hydrodynamic interaction
which occurs between two adjacent strings can affect the
inﬂow velocity on the string. Much theoretical research
and numerous experiments are performed to investigate
hydrodynamic interaction in steady current (Huse and
Kleiven, 2000; Blevins, 1994; Zdravkovich, 2003). A semi-
empirical wake ﬁeld model in the steady ﬂow ﬁeld was pro-
posed by Huse to account for the hydrodynamic interaction
between the two strings when analyzing the inﬂow velocity
of the downstream string in Figure 3 (Huse, 1993, 1996).
The hydrodynamic loading on the downstream string
will be inﬂuenced by the wake ﬁeld generated by upstream
string (Kalleklev et al., 2003). In the equilibrium state, the
resulting inﬂow on downstream riser considering shielding
Dual Derrick
Platform
Sea level
Wave
Downstream 
String 
Wellhead
Conductor
Upstream 
Riser
Blowout 
preventer stack
Current
Fig. 2. Operation diagram of parallel strings for the dual
derrick platform rig.
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effects from the upstream riser is determined by the Huse
semi-empirical wake model and the iterative method of
the wake velocity speciﬁed according to DNV-RP-F203
(2009). The inﬂow velocity in the wake ﬁeld can be com-
puted using the following expressions:
xv ¼ x þ xs ¼ x þ 4D1=Cd1; ð5Þ
b ¼ k1
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
Cd1D1xv
p
; ð6Þ
V ¼ Vc  u ¼ Vc  k2U 0
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
Cd1D1
xv
s
e0:639
y
bð Þ2 ; ð7Þ
where, xs is virtual source distance from upstream string
C1 to virtual, m; xv is a distance from downstream string
C2 to virtual, m; x is a distance from upstream string to
downstream string, m; D1 is the diameter of the upstream
string, m; Cd1 is the reference drag force coefﬁcient of
upstream string; Vc is the inﬂow velocity on the upstream
string, m/s; u is the reduced velocity in the wake of
upstream string, m/s; U0 is the maximum reduced veloc-
ity in the wake of upstream string, m/s; V is the resulting
inﬂow on a downstream riser, m/s; y is the distance away
from the center line of incoming velocity proﬁle; k1 = 0.25
and k2 = 1.0 are empirical constants for a smooth cylinder;
b is half-width proﬁle of inﬂow velocity on the down-
stream string, m.
3 Methodology
3.1 Developed model for parallel strings
Assessment of hydrodynamic interaction is a signiﬁcant
issue for string interference evaluations. Therefore, it is nec-
essary to establish a mechanical model of parallel strings
ﬁrstly. When the parallel strings work together, the upper
end of the riser and drilling string are connected to the dril-
ling operation platform (Hall et al., 1999). Nevertheless, the
lower end of the riser is suspended by the BOP, and the
string is connected to the subsea wellhead. The working
area of dual derrick platform is generally in the deep waters.
Owing to the shielding analysis between strings, when the
platform is offset, the simultaneous action of the current
and the waves are prone to cause large transverse deforma-
tion of the strings, resulting in collision of the parallel
strings. It is assumed that the direction of the parallel
arrangement strings is consistent with the current, and
the analysis model of parallel strings is shown in Figure 4.
The mechanics model of parallel strings system is an
ordinary differential equation for the deformation of beams
in a vertical plane under lateral loads. An impact of the
crash will emerge between the strings when the parallel
string collides. A developed formula for calculating the
hydrodynamic force and impact force of parallel strings is
presented as
o2
oz2i
EI
o2y
oz2i
 
 o
ozi
TðzÞ oy
ozi
 
þM zð Þ o
2y
ot2
¼ f zi; tð Þ þ Fi; ð8Þ
where F is the impact force unit length between strings,
N/m; i (i = 1,2) indicates different strings.
Furthermore, the revised Morrison equation is needed to
determine the hydrodynamic load f(z, t) considering the
effect of the relative motion of the riser (Liu et al., 2013):
f ðz; tÞ ¼ pD24 qwaw þ pD
2
4 qwðCM  1Þ aw  o
2y
ot2
	 

þ D2 qwCD vw þ vc  oyot
 
vw þ vc  oyot
 ; ð9Þ
Fig. 3. Huse semi-empirical wake model of strings in stationary
ﬂow ﬁeld (DNV-RP-F203, 2009).
Fig. 4. Mechanics model of parallel strings system.
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where, o2y/o2t is string particle acceleration, m/s2; oy/ot
is string particle velocity respectively, m/s.
The aforementioned Huse wake model is only suitable
for calculating the hydrodynamic inﬂuence on the down-
stream ﬂow ﬁeld in a 2D plane. The hydrodynamic interac-
tion between parallel strings in a 3D space can be analyzed
utilizing a “strip model” (Rustad et al., 2009). Different
wake ﬁelds can be applied in different slice layers due to
the different currents at different water depths in Figure 5.
Herein, the parallel strings system is divided into many
strips along the depth of the water, and each strip is equiv-
alent to the upstream and downstream strings with
uniformly-spaced. In the vertical direction, the hydrody-
namic interaction force is computed using a pre-established
two-dimensional wake model in each strip (Rustad et al.,
2009; Zdravkovich, 1997). In each strip, the interaction
force on the downstream string depends on the relative dis-
tance between the two strings and the relative velocity
between the ﬂuid and the string. Thus, the application of
strip theory in the mechanical model makes the computing
results more accurately.
3.2 Developed framework
As mentioned in the previous section, we propose an efﬁ-
cient and user-friendly method to prevent the parallel
strings collisions, which combines python language and
ﬁnite element analysis. The overall framework of the pro-
posed model is shown in Figure 6. Operability envelopes
are designed to answer whether the drilling operation can
be carried out and how much risk the operation activity
has for a given environmental condition. The procedure is
implemented by python language and ﬁnite element model
to determine the operability envelopes by synthesizing the
critical platform offset and surface current efﬁciently under
the serial cylinder operation conditions. Besides, the envel-
ope is automatically completed which can save much work-
force and resources.
The framework of operability envelopes consists of sev-
eral parts: mechanical model building, iterative analysis,
interference judging, and envelopes determined. In the ﬁrst
part, the ﬁnite element model of the parallel strings system
is constructed ﬁrstly, which considers the effect of hydrody-
namic interaction and strip theory adequately between par-
allel strings.
In the second part, the iterative analysis of parallel
string system is carried out, taking the surface current
velocity as the external loop and the platform offset as
the internal recycling. Speciﬁcally, the iteration procedure
can be divided into the following six steps:
Step 1: Determine the current velocity on the down-
stream string according to the initial spacing and the diam-
eter of the strings and divide the two strings into some
strips based strip theory.
Step 2: Set the initial value, maximum value and incre-
mental step of the current and platform offset and limiting
criteria. The detailed explanation for interference
Sea level
Current
Seabed
Upstream Riser Downstream String
Strip
Wave
Fig. 5. Strip theory of interference analysis.
Y
Setting the initial value, maximum 
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Construct the mechanical model of  
parallel strings system 
Starting parallel strings 
interference (strength) 
analysis
Analysis exceeds the 
limiting criteria
Analysis didn't exceed 
the limiting criteria
 Output the platform 
and offset values
Parallel strings operational
 envelope are determined
Compare the results with 
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Updating the 
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platform offset
Y
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pdating the m
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Fig. 6. The framework of operability envelopes for parallel
strings.
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evaluation criterion and strength criteria of parallel strings
is presented in Section 3.3.
Step 3: Start parallel strings interference/strength
calculation.
Step 4a: Compare the calculation results with the inter-
ference evaluation criterion, if the spacing between two
strings is smaller than the judging criterion or the contact
force is generated between two strings, which can be judged
that the two strings have interfered and the calculation is
completed. If not, go to the next step.
Step 4b: Compare the calculation results with the
strength criteria, if the equivalent stress, bending moment,
deﬂection angle are greater than the criteria, which can be
judged that the parallel strings may failure and the calcula-
tion is completed. If not, go to the next step.
Step 5: The resulting inﬂow on the downstream string is
recalculated according to the Huse wake model. Moreover,
the spacing, drag coefﬁcient or current loading at different
positions on the downstream string is updated according to
the new result. Repeat steps 4 until convergence is achieved.
Step 6: Ultimately, interference (strength failure) occurs
or not between the two strings in the steady state can be
judged according to the limiting criteria, and the calcula-
tion is completed.
Interference judging and comparison results are carried
out in the third part, if the parallel strings interference, out-
put the value of the platform offset and surface current.
Otherwise, the program continues normally. Meanwhile,
compare the results of equivalent stress, bending moment
and angle with the criteria of operability envelopes and out-
put the value of the platform offset and surface current if
results exceed the strength criteria.
Finally, a series of critical values for platform offset
under different surface current are obtained using a nonlin-
ear search algorithm to calculate in the fourth part. Then,
the operability envelopes for parallel strings are determined
to take the intersection of safety operation scope and inter-
ference boundary for parallel strings.
3.3 Limiting criteria of parallel strings
The limiting criteria of parallel strings include two parts the
interference evaluation criterion and the strength criteria.
The former criteria aim to avoid interference collision of
the parallel strings. Shielding effects and VIV effects are
the most critical effects of relevance for the evaluation of
string interference. The presence of wake shielding effects,
which results in a loss of current velocity on the down-
stream string, can thereby reduce the current forces on
the downstream string and tending to bring the strings clo-
ser. Another factor is VIV effects, which may cause a string
deviation about a magnitude of one diameter for each string
(DNV-RP-F203, 2009). A minimum clearance criterion was
adopted to avoid collision of the strings considering the
shielding effects and VIV effects of upstream and down-
stream strings (DNV-RP-F203, 2009). Therefore, the mini-
mum clearance between the strings must satisfy the
requirement: D  D1 + D2 in case of strings collision with-
out considering any safety factor. D1 and D2 are the outer
diameters of the upstream and downstream strings
respectively; d represents the distance between the centers
of two strings; D indicates the clearance between two
strings. Moreover, it can also provide a reference for inter-
ference collision of parallel strings for dual derrick
operation.
The latter criteria correspond to ensure structural
strength of parallel strings. Safety drilling operations of par-
allel strings are mainly limited by equivalent stress, bending
moments, the angle of deﬂection, and interference between
strings. The restrictive criteria of operability envelopes for
parallel strings are presented in Table 1. Among them,
the restrictive conditions of equivalent stress for the riser
and the strings, and the maximum bending moment of well-
head are designed to ensure the structural integrity of the
string system during the drilling operation. Furthermore,
the maximum deﬂection angle of the wellhead aims to pre-
vent the abrasion of the wellhead during the drilling opera-
tion, and ensure that the drill pipe goes straight through the
wellhead without incident. Besides, the “no collision
allowed” design principle is cited to prevent collision occur-
rences of parallel strings (He and Low, 2012).
4 Case study
4.1 Conﬁguration and simulation for the parallel
strings system
A case study for seventh generation deepwater drilling plat-
form of the dual derrick in the South China Sea is con-
ducted to illustrate this methodology, and the operating
water depth is 1300 m. Referencing the “The Blue Whale
1” deepwater dual derrick platform, the distance between
the upstream riser and downstream string is 16 m. Con-
cretely, 1-year return period of sea condition parameters
is adopted in this study. The drag coefﬁcient is 1.2 in the
water depth of 0 ~ 150 m and 0.7 at depth over 150 m.
The inertia force coefﬁcient is 2.0. The speciﬁc parameters
of the parallel strings system are shown in Table 2.
The ﬁnite element model of the parallel strings system
has been established by ﬁnite element software, and the
drill pipe, as well as the riser, were simulated based on
the basic parameters and proposed theory model in the pre-
vious Section 3. The casual contact between the upstream
riser and the downstream drill pipe was simulated by con-
tact element and ﬂexible joint with ball joint unit. Vertical
tension is applied to the top of riser and drill pipe to simu-
late the tension of the tensioner and hook. Finally, current,
temperature, and pressure load and top offset were applied
and simulated by the hydrodynamic analysis model. Fur-
thermore, the analysis procedure of operability envelopes
for parallel strings is implemented with python language
based on the mechanical model.
4.2 Interference analysis of parallel strings
4.2.1 Results of interference analysis
The interference analysis of parallel strings is investigated
in this section. The surface current is 0.7 m/s, and the
results of the displacement and rotation are shown in
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Figure 7. The upstream riser A (B) corresponding to down-
stream string A (B), they are a pair of parallel strings.
Figure 7a indicates that the upstream riser has a spline
shape, and the displacement of the riser increases with
depth under the currents. Another signiﬁcant observation
from the tests is that the risers are kept in mechanical con-
tact after crashing due to changes in the force ﬁeld (DNV-
RP-F203, 2009). The collision force at the bottom between
two strings is 5.63 kN, which will cause damage to the
strength of parallel strings. The reason for this phenomenon
is that the bottom of the downstream string is connected to
the subsea wellhead. Therefore, from this point of view,
effective measures should be taken to decrease the deforma-
tion of upstream riser. Regarding the downstream string,
the displacement generally increases ﬁrstly and then
decreases with water depth. The maximum displacement
of the downstream string is 6.2 m, which occurs at a depth
of water 846 m. The maximum displacement of the down-
stream string reduces by half when the shielding effect is
not considered. This phenomenon validates the hydrody-
namic theory very well taking into account the wake shield-
ing effects. The interference results can be identiﬁed clearly
by the lateral displacement.
Strength analysis results of parallel strings indicate that
the equivalent stress, bending moment much smaller than
the limiting criteria except for deﬂection angle, as shown
in Figure 7b. We can conclude that the rotation of the
upstream riser tends to decrease gradually with water depth
from top to bottom. The top of the riser has a maximum
angle of 2.2 due to the constraint of the tensioner and
the inﬂuence of the splash zone, which is still less than
the permission angle of the riser of 9. The angle of the
downstream string ﬁrst increases and then decreases with
water depth in general and changes suddenly at the junc-
tion of the pipe string and the wellhead. The reason for this
is that the wellhead constraint can provide bigger resistance
forces to restrict the string rotation. When the shielding
effect is not considered the rotation angle is greater than
2, which exceeds the limiting criteria for drilling opera-
tions. However, the rotation angle is less than 2 when it
is considered. Although the wake shielding effect can reduce
the displacement of the downstream string increasing the
risk of parallel string interference, on the contrary, it can
also control the rotation angle of the downstream string
to reduce the risk of structural strength failure of the paral-
lel string.
4.2.2 The analysis of inﬂuence factors
The collision of parallel strings is inﬂuenced by many fac-
tors such as sea conditions, platform offset, and string con-
ﬁguration. These operational factors and environmental
factors could affect single riser deformation during riser
installation (Wang et al., 2015). Hence, in order to further
studies on the interference law of parallel strings, the inﬂu-
encing factors of the current, the platform offset, the weight
of the BOP and the wall thickness of the upstream riser are
analyzed in this paper, and the results are shown in
Figure 8.
The results of the comparative analysis are shown in
Figure 8a and the surface currents are selected from
0.5 m/s, 0.6 m/s and 0.7 m/s, respectively. With the
increase of surface current velocity, the lateral displacement
of the parallel strings increased signiﬁcantly, and the dis-
placement at the bottom of the upstream riser increased
from 9.58 m to 15.47 m with the parallel strings collide seri-
ously. The inﬂuencing results of platform offset are shown
Table 1. Strength criteria of operability envelopes for parallel strings (DNV-OS-F201, 2010).
Limiting factors Restrictive conditions
The maximum equivalent stress of the riser/yield strength 0.80
The maximum equivalent stress of the string/yield strength 0.67
Maximum bending moment of wellhead/yield strength 0.80
The maximum deﬂection angle of the string 2
The maximum deﬂection angle of the riser 9
Table 2. Basic parameters of parallel strings.
Parameter Value
Length of slip joint 38.65 m
The weight of slip joint 407.78 kN
Length of riser joint 16.764 m
The outer diameter of the riser 0.5334 m
Wall of riser 0.0222 m
Rotational stiffness of upper ﬂexible joint 12.9 kN m/
Rotational stiffness of lower ﬂexible joint 92 kN m/
The outer diameter of the drill pipe 0.149 m
Wall of drill pipe 0.0105 m
The height of high-pressure wellhead 1.75 m
The weight of high-pressure wellhead 28.73 kN
The height of slight-pressure wellhead 0.99 m
The weight of slight-pressure wellhead 13.17 kN
Length of LMRP and BOP 17.82 m
The weight of LMRP and BOP 1470 kN
Length of conductor 83 m
The outer diameter of the conductor 0.9144 m
Wall of conductor 0.0381 m
Elastic Modulus of steel 207 GPa
Poisson ratio 0.3
LMRP: Lower Marine Riser Package; BOP: Blowout
Preventer.
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in Figure 8b. The surface current is 0.6 m/s, and the plat-
form offsets are selected from 5 m to 5 m. The deforma-
tion of the upstream risers is consistent under different
platform offsets and shift to downstream with the platform
offset until impacts on downstream string. The top dis-
placement of the downstream string varies with the plat-
form offset, and the bottom connected to the wellhead
does not change. The reason for this phenomenon is that
the deformation of riser is dominated by current rather than
platform offset.
The surface velocity is 0.6 m/s, and the interference
analysis results for different lowering weights of BOP are
shown in Figure 8c. The analysis results show that the
weight of BOP mainly affects the displacement of the
upstream risers. The bottom displacement of the upstream
riser will increase by 1.2 m for each additional 50 kN, which
has little effect on the offset of the downstream string. From
this perspective, BOP with heavier gravity could be a better
choice. Figure 8d indicates the displacement results under
different riser wall thicknesses. The surface current is
0.6 m/s, and the wall thickness of the riser is analyzed by
three sizes of 0.9375 in., 0.875 in. and 0.625 in., which are
commonly used on the platform. Similar to the inﬂuence
of the BOP weights, the bigger the riser wall thickness is,
the smaller the lateral distance between parallel strings.
The reason for this is that thicker risers can provide bigger
gravity to compete with lateral combined action generated
by wave and current.
4.3 Design of operability envelopes for parallel strings
According to the interference analysis of inﬂuence factors
for the parallel strings, the surface current velocity and plat-
form offset are the main inﬂuence factors. However, the
operational process and interference limiting criteria of par-
allel strings are complicated. To avoid the interference col-
lision of parallel strings, it is necessary to determine the
safety operation areas of parallel string. The BOP weights
and riser thicknesses are important design consideration
for designers before the equipment were manufactured.
However, the platform offset and surface current can be
monitored and controlled by ﬁeld workers. Hence, consider-
ing the platform offset and surface current synthetically,
the operability envelopes are designed based on the limiting
criteria and lowering process of the upstream riser for the
dual derrick drilling operation.
Based on the developed methodology, the operability
envelopes for the upstream riser lowering depths at
330 m, 660 m, 990 m, and 1300 m are determined respec-
tively, and the analysis results are shown in Figure 9. The
envelopes are classiﬁed into red, orange, yellow and green
four areas according to the limiting of parallel strings.
The red area indicates that both string strength criteria
and the interference limits are exceeded simultaneously,
which means that the parallel string will fracture or inter-
fere with the collision. The yellow area indicates that the
parallel strings will break, wear or failure; the orange area
indicates that the parallel string will collide. Moreover,
the green area indicates that the parallel strings can per-
form drilling operation normally.
The operability envelope of upstream riser lowering
depth at 330 m is shown in Figure 9a, which can be seen
the safe working area of the parallel string is tapered. The
platform offset is gradually reduced with the surface current
velocity increasing. The maximum platform offset allowed
for operation of parallel strings is 55 m, and the maximum
surface velocity is 1.4 m/s. Interference may occur when the
maximum platform offset reaches 175 m as the lowering
(a) (b) 
Fig. 7. Interference analysis results of parallel strings: (a) Displacement of parallel strings, and (b) rotation of parallel strings.
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depth of riser is shallow. Hence, the limiting factors in the
early stage of lowering upstream riser are the string
strength criteria. It can be seen from Figure 9b that when
the lowering depth of the upstream riser is 660 m, the dis-
placement of the BOP will increase signiﬁcantly due to
the increasing length of the riser, and the corresponding
interference area of the parallel strings will be signiﬁcantly
reduced. Under this condition, the operability envelope is
jointly determined by the string strength criteria and the
interference limits. When the surface current is greater than
0.6 m/s, the envelope is entirely restricted by the interfer-
ence collision limits. Nevertheless, a small string damage
area of the envelope is limited by the strength criteria when
the surface current is less than 0.6 m/s.
The operability envelope is shown in Figure 9c when the
upstream riser is lowering to a depth of 990 m. The interfer-
ence criteria of parallel strings completely determine the
envelope. The BOP displacement will gradually increase
with the increasing length of lowering riser, and the area
of the string interference has narrowed. Since the distance
(a) (b) 
(c) (d)
Fig. 8. Analysis results of inﬂuencing factors for parallel strings: (a) Different surface currents, (b) different platform offsets,
(c) different BOP weights, and (d) different riser thicknesses.
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between two strings is limited to 16 m, when the surface
current reaches 0.8 m/s, the BOP connected to the end of
the riser will collide with the downstream string even plat-
form non-offset in this case. Similarly, the maximum allow-
able platform offset is 35 m. When the riser run to the
seabed completely the envelope is shown in Figure 9d, sus-
pending from the platform ready for installation. The safe
area of the parallel string is wholly determined by the inter-
ference collision criteria. At this time, in order to ensure the
safety of the working string, the current velocity of the sea
should not exceed 0.6 m/s and the platform without offset.
Otherwise, the strings will collide. Therefore, it is necessary
to maintain the stability of the platform according to the
ﬁeld sea conditions.
5 Conclusion
This study addresses a challenging problem in the engineer-
ing of parallel strings for deepwater dual derrick operation,
that is, the interference analysis for parallel strings due to
the shielding effect of current, the complex operations and
environment during operation of dual derrick platform. A
mechanical model for deepwater parallel strings is estab-
lished to analyze the response of parallel strings. The
research results of the parallel strings system validate the
effectiveness of theoretical analysis very well considering
the hydrodynamic wake shielding effects. The results prove
that the collision will occur during the operation, the colli-
sion force at the bottom of the two strings can reach
5.63 kN, which will cause serious damage to the strength
of parallel strings. Furthermore, the inﬂuence factors of
platform offsets, surface currents, BOP weights and wall
thicknesses of the upstream riser on the interference analy-
sis of parallel strings are analyzed. It can be concluded that
the platform offset and surface currents are the signiﬁcant
inﬂuence factors.
An original efﬁcient methodology of operability envel-
opes for parallel strings is presented to control the occur-
rence of interference accidents. The interference limiting
factors of parallel strings and operational limiting criteria
can be considered. Thus, the operability envelopes are
developed by the permissible platform offsets and surface
currents for different depths of the upstream riser. The
(a) (b) 
(c) (d) 
Fig. 9. Operability envelopes for parallel strings under different lowering depths: (a) Lowering depth at 330 m, (b) lowering depth at
660 m, (c) lowering depth at 990 m, and (d) lowering depth at 1300 m.
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safety area of operability envelopes is continuously decreas-
ing with the increasing length of the upstream riser, which
can provide an operation reference for drillers. The pro-
posed methodology of operability envelopes is more applica-
ble to ﬁeld practice. Additionally, to avoid interference
accidents effectively other measurements can be incorpo-
rated into the operational procedures, e.g., observing pre-
sent sea current and monitoring the distance between the
two strings in the water.
In the present study, to analyze the response of parallel
strings, a mechanical model is established considering
hydrodynamic effects, and a novel method of operability
envelopes is proposed to avoid the accident of interference
collisions. Additionally, further studies are required to
improve the design method and determine the operability
envelopes considering the dynamic response of the platform
during the lowering operation of the parallel strings.
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